A dynamical system is called positive if its trajectory starting from any nonnegative initial state remains forever in the positive orthant for all nonnegative inputs. An overview of the state of the art in positive systems theory is given in the monographs [7, 15] . Variety of models having positive behaviour can be found in engineering, economics, social sciences, biology, medicine, etc.
Introduction
A dynamical system is called positive if its trajectory starting from any nonnegative initial state remains forever in the positive orthant for all nonnegative inputs. An overview of the state of the art in positive systems theory is given in the monographs [7, 15] . Variety of models having positive behaviour can be found in engineering, economics, social sciences, biology, medicine, etc.
The Lyapunov, Bohl and Perron exponents and stability of time-varying discrete-time linear systems have been investigated in [1] [2] [3] [4] [5] [6] . The positivity and stability of timevarying linear systems have been addressed in [12, 16, 18, 20, 22, 23, 28] and the stability of continuous-time linear systems with delays in [26] . The fractional positive linear systems have been analyzed in [10, 11, 13, 19, 21, 24, 25, 29] . The positive electrical circuits and their reachability have been considered in [17] and the controllability and observability in [9] . The stability and stabilization of positive fractional linear systems by state-feedbacks have been analyzed in [25] . The normal positive electrical circuits has been introduced in [14] .
In this paper the determinants of the matrices of solutions to the standard and positive electrical circuits will be addressed.
The paper is organized as follows. In section 2 some preliminaries on linear time-varying systems and the Jacobi equality are recalled. The determinants of the matrix solution of standard time-invariant linear electrical circuits are investigated in section 3. Similarly, problems for positive electrical circuits are analyzed in section 4. The standard and positive time-varying linear electrical circuits are addressed in section 5. Concluding remarks are given in section 6.
The following notation will be used:  -the set of real numbers, 
Preliminaries
Consider the linear time-varying autonomous system
, the entries
are continuous functions of
be the solution of the equation (1) .
is also the solution of the equation (1) and
The general solution of the equation (2) for any given initial condition matrix 
is a matrix of initial conditions. In this case the Jacobi equality has the form 
Proof. The proof follows immediately from (3) since 
Standard time-invariant linear electrical circuits
We start the analysis of standard time-invariant linear electrical circuits with simple examples. Example 1. Consider the electrical circuit shown in Fig. 1 with given resistance R , inductance L , capacitance C and source voltage e . The electrical circuit is described by the equation Using Kirchhoff's laws we may write for the electrical circuit the equations (16) . ,
The equations (16) can be written in the form 
and from (7 Using Kirchhoff's laws we can write the equations (23) . , ) (
The equations (23) can be written in the form
Therefore, the electrical circuit is unstable if (21) is satisfied.
Positive time-invariant linear electrical circuits
Consider electrical circuits composed of resistances, inductances, capacitances and voltage (current) sources. As the state variables the components of the state vector
we choose the voltages on the capacitors and the currents in the coils. Using Kirchhoff's laws we may describe the linear electrical circuits by the equations [29] (28a) The electrical circuit shown in Fig. 3 is positive since the matrices defined by (24b) satisfy the condition (29) 
The equations (32) can be written in the form 
Standard and positive time-varying linear electrical circuits
Consider time-varying linear electrical circuits composed of resistances, inductances, capacitances depending on time t and voltage (current) sources. Similarly, as for timeinvariant linear electrical circuits we choose as the state variables the voltages on the capacitors and the currents in the coils. Using Kirchhoff's laws we may describe the electrical circuits by the equations 
Proof. The proof is given in [20] .
Proof. The proof is given in [20] . Definition 4. The positive electrical circuit described by the equation Using Kirchhoff's laws we may write the equations
The equations (42) can be written in the form 
and the electrical circuit is a positive timevarying one. Using (43b) we obtain 
Note that the trace of the matrix 
Concluding remarks
The determinants of the matrices of solutions to the standard and positive time-invariant and time-varying linear electrical circuits have been addressed. Necessary and sufficient conditions for the positivity (Theorem 10) and stability (Theorem 11) of time-varying linear electrical circuits have been presented. It has been shown that the determinants of the matrices of solutions to the standard time-invariant (Theorem 3) and to the positive (Theorem 12) time-varying linear electrical circuits are nonzero and they decrease to zero for time tending to infinity for asymptotically stable electrical circuits (Theorems 4 and 12). The considerations have been illustrated by examples of standard and positive time-invariant and time-varying linear systems. The considerations can be extended to fractional linear electrical circuits. 
